 This is a large population-based study to assess the burden of hypertension and associated comorbidities on the preference-based HRQoL in HK, China.  Three different regression models were applied to estimate the effect of hypertension on HRQoL  The patients who lived in institutions (e.g., hospitals, old age homes, or nursing care homes) and persons living aboard vessels were not involved in the study. Thus, further studies are suggested to enrich the findings in the local population.
Abstract
Objectives To evaluate the effect of hypertension and related comorbidities on the health-related quality of life (HRQoL) using EQ-5D-5L Hong Kong (HK) version.
Design
Data were analysed by a secondary data analysis based on a cross-sectional study assessing patients' experience in the HK.
Setting:
A representative sample was recruited from 23 specialist outpatient clinics in HK Participants: A total of 4,528 hypertensive patients aged at least 18 years old participated in the survey.
Intervention: EQ-5D-5L HK was used to assess the HRQOL of hypertensive patients. The fivedimension descriptive system, and the utility scores of EQ-5D-5L were treated as the dependent variable in the current study. Three kinds of regression models were applied to estimate the effect of hypertension and related comorbidities on health-related quality of life.
Results
More respondents were female (53.9%), aged ≥65 years old (60.1%), and with no or primary educational attainment (52.3%). A total of 1,466 respondents (32.4%) reported to co-suffer from diabetes, followed with heart disease (20.8%), vision problem (1.7%), and cancer (1.5%). In the OLS model, utility decreased most when patients reported having physical disability associated with hypertension (beta= -0.395, SE=0.047), and 0.128, 0.064, 0.05, and 0.048 for mental problem, cancer, vision problem, and heart problem. In the Tobit model, the utility reduced most for comorbidity of physical disability, and then mental problem, cancer, vision problem, heart problem and diabetes. For first part of twopart model, respondents co-living with mental problem were 10% less likely to report a full health. For the second part of two-part model, the respondents with physical disability had 0.294 lower in utility.
Conclusions
There is a significant effect of hypertension influence on the decreased health-related quality of life for Hong Kong patients. It is important to improve the health-related quality of life of hypertensive patients to prevent its associated comorbidities. Hypertension is a chronic condition in which blood pressure in the arteries is persistently elevated. At present, hypertension is a global public health issue that dramatically increases the risk of heart disease, stroke, kidney failure and physical disability [1] . The World Health Organisation indicated that approximately 40% of adults aged ≥25 years have been diagnosed with hypertension worldwide, and the number increased from 600 million in 1980 to 1 billion in 2008 [2] . In Hong Kong (HK), hypertension is a silent killer. The Department of Health reported that nearly 30% of people aged ≥15 years live with hypertension. Total prevalence is increased steadily from 4.5% amongst people aged 15-24 years to 64.8% amongst those aged 65-84 years. However, only 13.2% of hypertensive patients are aware of their condition [3] .
Recently, instead of clinical outcomes, such as morbidity, the health-related quality of life (HRQoL) of patients have been increasingly studied in hypertensive research [4] . Living with hypertension can influence a patient's physical health, psychological state, independence level and family and social relationships; it ultimately leads to decreased HRQoL [5] [6] [7] [8] . Comorbidity associated with hypertension is another independent factor that influences HRQoL [1, 9, 10] . Pinto et al. indicated that in hypertension, sociodemographic characteristics, rather than disease characteristics, may play an important role in assessing the HRQoL of patients [11] . However, a lot of current disagreements in the findings of hypertensive studies are due to the use of different tools for measuring HRQoL [12] . Debates on which between profile-based instruments and preference-based instruments or between generic measures and condition-specific measures should be used have persisted. In recent decades, EuroQol 5-Dimensions (EQ-5D) has been recommended as one of the most popular generic preference-based instrument to assess patient HRQoL worldwide [13] . In particular, its updated version, namely, EQ-5D-5L (5 levels), has been highly suggested due to its ability to reduce the ceiling effect. The good validity and reliability of EQ-5D-5L in certain chronic conditions have been demonstrated [14] [15] [16] . However, the relative effects of hypertension and related comorbidity on HRQoL using EQ-5D-5L in HK have been rarely explored.
This study proposes to provide empirical evidence to connect hypertension and HRQoL and to encourage clinical professionals and policy makers to list HRQoL improvement as one of the most important therapeutic and political objectives in the healthcare of hypertensive patients. Therefore, this study aims to: 1) evaluate how hypertension and related comorbidities affect HRQoL by using EQ-5D-5L HK Chinese version, 2) identify how sociodemographic characteristics affect hypertension-HRQoL relationship and 3) explore how different regression models account for the distributional features of EQ-5D utility.
Method

Data collection
We analysed secondary data from a population-based cross-sectional survey on patient experience using specialist outpatient clinic services (SOPCs) in HK [17] . A total of 23 public specialist outpatient clinics were selected from all 18 districts of HK to recruit patients who would participate in the survey. The inclusion criteria were as follows: 1) age ≥18 years and 2) can speak and understand Cantonese. Patients who were day cases or day surveys or those from paediatric, hospice, psychiatric, dental, anaesthesiology, pathology or nurse-led or multispecialty outpatient clinics were excluded from the study. A team of experienced researchers conducted the survey. All potential candidates were requested to fill a questionnaire through telephone survey 1 month after using SOPC services. In this survey, hypertension was defined as persistent systolic blood pressure (SBP) of ≥140 millimetres of mercury (mmHg) or diastolic blood pressure of ≥90 mmHg based on the criteria suggested by the Centre for Health Protection Hong Kong (www.chp.gov.hk/en/index.html). A total of 13,966 respondents filled the consent form and completed the questionnaire. Amongst them, 4,528 reported living with hypertension, and their information was collected and analysed in this study. Ethical approval was obtained from the Chinese University of HK and the New Territory East Cluster Clinical Research Ethics Committee.
Comorbidity
In the survey, a self-reported item was used to ask respondents to indicate which and how many chronic conditions they have. Nine chronic conditions, namely, vision problem, hearing problem, physical disability, learning problem, mental problem, heart disease, hypertension, diabetes and cancer, were identified from the survey. In the count method, comorbidity was defined as two chronic conditions that occur simultaneously [18] . Amongst the patients with hypertension, no one reported having a learning problem. Therefore, in this study, seven comorbidities, namely, hypertension and heart disease, hypertension and diabetes, hypertension and cancer, hypertension and vision problem, hypertension and hearing problem, hypertension and physical disability and hypertension and mental problem, were included in the analysis to evaluate the effect of comorbidities associated with hypertension on HRQoL.
Study instrument EQ-5D-5L
In this study, EQ-5D-5L, which was developed by the EuroQol Group in 2009, was used to evaluate HRQoL. EQ-5D-5L is a simple, generic and standardised instrument for assessing patient health states for clinical and economic appraisal [13] . EQ-5D-5L has five dimensions: mobility (MO), self-care (SC), usual activities (UA), pain/discomfort (PD) and anxiety/depression (AD). Each dimension has five levels (no problem, slight problems, moderate problems, severe problems and extreme problems). The combinations of dimensions and levels were used to define the different health states of HRQoL (total of 3,125 health states). EQ-5D-5L is the updated version of the original EQ-5D-3L (three levels for each dimension), and it has been confirmed to exhibit improved ability to control the ceiling effect. The EQ-5D-5L HK version was developed and validated in HK cultural settings following the latest international protocol in 2017, which allowed the evaluation of people's HRQoL by considering their perceptions in the HK context of culture and value systems [19] . All health states defined by EQ-5D-5L can be converted into a single summary index called utility. Utility can support the calculation for quality-adjusted life years as a reference for the health economic evaluations of healthcare policies or clinical interventions. The calculation of utility was based on an HK value set. The basic formula is utility=1 -β 1 *MO -β 2 *SC -β 3 *UAβ 4 *PD -β 5 *AD [19] . The value of β depends on the levels selected by the respondent at each dimension. The utility value ranges from −1 to 1 (full health). For the HK general population, utility was calculated using a local algorithm, and it ranged from −0.86 (0 indicates death, <0 indicates worse than death) to 1.0. The mean utility was 0.92.
Statistical analysis
Descriptive statistics were used to summarise respondent characteristics. EQ-5D utility data were reported as means and standard deviations. All demographic and socioeconomic characteristic indicators were grouped for analysis. Age and educational attainment were categorised into three groups, respectively. Living status and employment status were used as proxy questions to reflect the respondents' economic situation. Given that EQ-5D utility was non-normally distributed (Shapiro-Wilk test, p<0.05), differences in EQ-5D utility amongst sociodemographic subgroups were assessed using a bootstrap version of the heteroscedastic one-way ANOVA for trimmed means. This is a robust statistical method introduced by Wilcox [20].
For regression models, considering that the ceiling effect of EQ-5D utility in this study was 46.5%, we used different models to estimate the effect of hypertension and associated comorbidities on HRQoL adjusted by sociodemographic characteristics. The first model was the ordinal least squares (OLS) model. OLS is a traditional and classical method for regression analysis. However, EQ-5D utility data were censored, and thus, their range was limited between −1 and 1 (in the current study, the range was −0.8637 and 1). This nature of EQ-5D utility data posed a considerable challenge for using OLS model, which could not consider this characteristics in the analysis and consequently, several biased estimations were made. However, OLS appeared as a good starting point for estimation.
The second model we used in this study was the Tobit regression model. This model is a censored model and was designed to estimate linear relationships amongst variables when either left-or right-censoring occurs in the dependent variable [21] . The Tobit model can overcome several limitations of the OLS model. The explanation of the Tobit regression model is similar to that of the OLS model. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   F  o  r  p  e  e  r  r  e  v  i  e  w  o  n  l  y   6 Considering that nearly half of the respondents reported full health (utility=1.0) in this study, a two-part model was also adopted to estimate the effect of hypertension on HRQoL [22] . The two-part model was composed of two types of models. The first part was the logistic regression model, which was used to predict the probability of respondents reporting full health (0 and 1, where 0 indicates non-full health and 1 indicates full health). The second part was a truncated OLS model, which was used to predict the probability of the respondents reporting non-full health (utility≠1.0). The results of the two types of models were combined to obtain an overall value [23].
Two sub-models were used for each of the three regression models. The first sub-model estimated the impact of hypertension on HRQoL adjusted by sociodemographic characteristics. The second sub-model estimated the effect of comorbidity associated with hypertension on HRQoL adjusted by sociodemographic characteristics (total of six models). To assess the fit of the models, we applied a series of criteria based on the suggestions of Wu et al. [21] . The root mean square error (RMSE) and sigma were used to estimate the accuracy of the models. RMSE indicated the fit of the OLS model, and sigma was used to indicate the fit of the Tobit model and the second part of the two-part model. When comparing the values of RMSE or sigma, a small value represents a small error, and consequently, a good model. Moreover, the Akaike information criterion (AIC) and the Bayesian information criterion (BIC) were used to evaluate the overall fit of the models. Pairwise deletion was performed to resolve missing values. Data were analysed using R (R foundation, Austria), and statistical significance was set as p<0.05.
Patient and public involvement
No patients were involved in the design of the study. They were recruited from 23 specialist outpatient clinics in HK and informed of the details of the study, including its purpose, the process, and the potential results, as well as their rights and responsibilities. We also assured the participants that all collected information would be kept confidential and anonymous. We gratefully acknowledged the contributions of all participants. Table 1 indicates more respondents were female (53.9%), aged ≥65 years old (60.1%), and with no or primary educational attainment (52.3%). Approximately 93.2% of the respondents indicated living with family or others, and 57.6% were retired. A total of 1,466 respondents (32.4%) reported to co-suffer from diabetes, followed by heart disease (20.8%), vision problem (1.7%) and cancer (1.5%). Highly educated young male respondents living with family/others or fully employed reported having high EQ-5D utility.
Results
The top part of Figure 1 shows the percentage of respondents who reported problems in the five dimensions of EQ-5D for males and females separately. More females reported full health than males on SC (45% versus 42%) and AD (42% versus 38%). By contrast, more males (28%) than females (25%) reported full health on PD. Nearly 20% of females reported having slight problems on PD, followed by MO (20%), UA (20%) and AD (20%). The bottom part of Figure 1 presents the distribution of EQ-5D utility for overall, 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   F  o  r  p  e  e  r  r  e  v  i  e  w  o  n  l  y   7 male and female separately. EQ-5D utility was heavily skewed, with more males (>50%) reporting full health than females (<40%). Table 2 provides the 40 most frequently reported EQ-5D health states (total of 293) and their corresponding utility. Aside from the full health state (11111), the most frequently selected health state was '11121' (n=660, 14.6%; utility=0.9244), i.e. no problem on MO, SC, UA and AD but slight problem on PD. The worst health state was '32322' (n=15, 0.3%; utility=0.4812), i.e. slight problem on SC, PD and AD and moderate problem on MO and UA. Table 3 presents the results of OLS, Tobit and the two-part regression models. Although directly comparing the fit of the two-part model with the OLS or Tobit model is impossible, a comparison can be made based on the values of RMSE and sigma. In this study, the RMSE value of the OLS model was lower than the sigma value of the second part of the two-part model and the Tobit model. This result indicated that the OLS model was more accurate than the Tobit and two-part models. On the basis of the AIC and BIC values, the OLS model achieved the best performance, followed by the two-part model, and the Tobit model ranked last.
In estimating the effects of hypertension and associated comorbidities on EQ-5D utility, the OLS and Tobit models presented similar patterns. For the OLS and Tobit models, the coefficient of sociodemographic characteristics barely changed with and without considering comorbidities. This finding indicated that the relationship between sociodemographic characteristics and self-reported chronic conditions with the predicted EQ-5D utility was independent of each other. Moreover, the AIC and BIC values suggested that the comorbidity model performed better than that without the comorbidity model. Therefore, we focused our analysis on comorbidity models in this study.
In the OLS model, utility decreased by 0.067 when the patients were female. For fully employed and unemployed respondents, utility increased by 0.6 and 0.56, respectively, compared with that for retired respondents. For comorbidity, utility decreased most when patients reported having a physical disability associated with hypertension (beta=−0.395, SE=0.047). Moreover, utility decreased by 0.128, 0.064, 0.05 and 0.048 for patients with mental problem, cancer, vision problem and heart problem, respectively. The comorbidity of diabetes with hypertension exerted the least effect on HRQoL than the other comorbidities. Compared with the OLS model, the Tobit model resulted in a higher reduction in EQ-5D utility. Females (beta=−0.109, SE=0.011) in the Tobit model were associated with substantially lower utility than males. The utility for respondents aged ≥65 years decreased by 0.013 compared with those for respondents younger than 44 years. For respondents with tertiary and secondary/postsecondary educational attainment, utility increased by 0.95 and 0.82, respectively. For comorbidity, we identified findings similar to those in the OLS model. Utility was reduced most for the comorbidity of physical disability (beta=−0.469, SE=0.071), and utility decreased by 0.18, 0.097, 0.086, 0.076 and 0.048 for patients with mental problem, cancer, vision problem, heart problem and diabetes, respectively. The last two columns of Table 3 report the effects of hypertension and associated comorbidities on HRQoL using the two-part model. In the first part of the model (logistic regression), utility decreased dramatically for most sociodemographic characteristics compared with that in the OLS and Tobit models. Respondents living in an institution were approximately 75% less likely to report full health, females were 45% less likely to report full health, and respondents aged ≥65 years were 37% less likely to report health. For the comorbidity part, respondents who were co-living with mental problem were 10% less likely to report full health, followed by those with vision problem, heart problem and diabetes. In the second part of the model (truncated OLS), nearly all the sociodemographic characteristics, except for age, exhibited a significant relationship with HRQoL. The pattern in the magnitude of utility for comorbidities was slightly lower than those in the OLS and Tobit models. Respondents with physical problem presented a 0.294 decrease in utility, followed by respondents with mental problem (0.109), cancer (0.066), heart disease (0.042) and diabetes (0.023). Figure 2 displays the mean utility of patients with hypertension who reported having comorbidities. Among them, respondents with diabetes had the highest utility of 0.83, followed by those with heart disease, hearing problem and cancer. Physical disability scored the lowest with an average of 0.46.
Discussion
We conducted this study to explore the effects of hypertension and related comorbidities on HRQoL adjusted by sociodemographic characteristics in the HK population. The results were based on the application of three types of models using EQ-5D-5L HK version. In summary, our models presented the following results. 1) Respondents who were female, elderly, with low educational attainment, live in an institution or retired tended to exhibit low HRQoL. 2) The comorbidity of patients with hypertension associated with other chronic conditions exerted greater effect on decreased HRQoL, particularly for comorbidities with physical disability, vision problem, heart problem, mental problem and diabetes.
In our study, the mean EQ-5D utility for patients with hypertension was 0.85 (mean=0.92 for HK general population [19] ) and ranged from −0.864 to 1.0. The mean utility was slightly higher than that reported in Japan [24] , but lower than that reported in South Korea [8] , Singapore [25] , Mainland China [6] and the United Kingdom [26] . This result can be explained by the age-related demographics of our sample. Hypertension is an agerelated disease that likely affects older adults [11, 27] . In our sample, 60% of the respondents were reported to be ≥65 years old. This finding may be the reason why hypertension exerts greater negative effect on the HRQoL of HK people. Zahran et al. and Cutler et al. also reported similar findings in their studies [10, 28] . Moreover, the finding of the current study that females exhibited lower utility than males has also been confirmed by studies conducted in China and South Korea [6, 8] . In Singapore, however, utility is equal for males and females [25] . By contrast, males reported higher utility than females in Japan [24] . In the current study, we firstly provided empirical evidence in HK regarding the difference of HRQoL on patients with hypertension between those living with their families and those who do not. The success rate in controlling high blood pressure in HK [29] and in other parts of the world is a huge problem [30] . Poor adherence towards antihypertensive medicines presents a considerable challenge [31] . However, current methods to control or treat hypertension are relatively simple and adopt a one-size-fits-all approach. Given the lack of support or supervision from family members, adhering to antihypertensive medications or to a healthy lifestyle is difficult for patients [32] , and most interventions are ineffective [7, 33] . Prazeres and Santiago indicated that multimorbid patients from dysfunctional families reported worse physical and mental health [34] . Xu et al. also stated that a poor relationship with family results in a poor state of physical functioning, physical role, social function and emotional role [35] .
The prevalence of comorbidity amongst individuals with hypertension is more common than those without it [36] . In China, although the comorbidity of hypertension has been extensively studied, two problems remain. Firstly, most research on comorbidity related to hypertension use data from public census or medical survey; the former focuses on facts about the general population, and the latter is constrained by a limited sample size [37] . Second, EQ-5D-5L is rarely used to evaluate the HRQoL of patients with hypertension in HK [4] . In this study, we focused on the individual level but also collected information from a large population-based sample to evaluate the effects of the seven types of comorbidity related to hypertension on HRQoL using EQ-5D-5L. Among the seven types, the comorbidity of physical disability with hypertension exhibited the greatest effect on decreased HRQoL, and the magnitude of its effect was at least twice higher than the effects of other comorbidities. Balzei et al. found that older adults with hypertension experience accelerated declines in physical function and increased incidence of disability [9] . Hajjar et al. determined that amongst nearly 1,000 older adults in the US, high SBP increases the risk of developing new disabilities [38] . McDaid et al. reported that the population aged 50 years and lives with multimorbidity faces the highest risk of disability and poor quality of life [39] . In HK, studies that discussed the comorbidity of hypertension with physical disability from the perspective of HRQoL are highly limited. Our study can serve as a starting point to facilitate further assessment of the clinical or systematic mechanism behind this comorbidity. Moreover, Hay asserted that sex difference should be considered in the physical changes experience by people who live with hypertension [40] . Further investigations must be performed to determine whether sex difference influences physical disability to affect the HRQoL of patients with hypertension. We found that pain linked to hypertension was closer than the other dimensions of EQ-5D. In the top 10 selected health states of the EQ-5D descriptive system, six presented a negative change in the PD dimension. Similar findings were reported in a study conducted in Mainland China, where the PD dimension is the most prominent across the five dimensions in both genders [41] . Other studies also presented findings that are comparable with ours in both Asian and Western countries [8, 25, 26, 42] using EQ-5D-5L and EQ-5D-3L. Potential clinical implications are apparent.
Our study has several implications. Firstly, this work is the first to use EQ-5D-5L HK Chinese version to evaluate the HRQoL of people with hypertension and related comorbidities. The results may be used as baselines for HK's hypertensive population in 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 F o r p e e r r e v i e w o n l y evaluating the effect of policies or clinical interventions to improve the outcome of hypertension care. Secondly, the EQ-5D utility generated in this study was calculated using the formula developed on the basis of local culture and setting; thus, the bias of using a value set from other countries [43] or instruments developed based on other culture or settings [44] is potentially reduced. Thirdly, more than 4,500 hypertensive patients successfully participated in the survey and completed the questionnaire, making this work one of the largest population-based surveys in HK to evaluate the HRQoL of patients with hypertension. Fourthly, hypertension is the most commonly cited chronic conditions in HK amongst all non-communicable diseases (NCDs). Studying the effect of hypertension on HRQoL may provide important information to policy makers in planning a reform for NCD care. Lastly, the adoption of EQ-5D-5L, which is the most widely used measure to assess HRQoL, enabled us to understand and control hypertension based on an international perspective. Furthermore, we applied three types of regression models to estimate the effect of hypertension and related comorbidities on HRQoL adjusted by the respondents' sociodemographic characteristics. We also presented and compared the performance of each model. The OLS model achieved the best performance in estimation, but it disregarded the bounded nature of EQ-5D utility [21] . The Tobit model provided reasonable estimation, and the pattern of efficiency was similar to that in the OLS model. The two-part model was flexible and simple, and it provided two independent parts for estimation. However, as Wu et al. indicated, two-part models may provide contradicting results and bias when data regarding the full health and non-full health of patients are independently assessed. In this study, cancer showed no significant effect on HRQoL in the logistic model, but it was significant in the truncated OLS model of the two-part model. We should explain the results of the two-part model with caution [21] .
Our study has several limitations. Firstly, the distribution of patient characteristics was skewed towards elderly people. Secondly, we did not differentiate hypertension in terms of types, severities or stages. Such differences may have varying effects on HRQoL. Thirdly, we only considered seven types of comorbidity in the estimation; thus, additional chronic conditions and multi-morbidities (≥3 chronic conditions) should be considered. Lastly, the nature of a cross-sectional study could have introduced certain biases on the generalization of our findings.
Conclusion
This study applied the EQ-5D-5L HK Chinese version to a large population-based sample of patients with hypertension in HK. Compared with a normal population, patients with hypertension presented lower HRQoL, and the effect varied with the patients' sociodemographic characteristics. Moreover, hypertensive patients living with comorbidity were prone to report lower HRQoL, particularly those with physical disability and mental problem. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 
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Data sharing statement
Health-related quality of life among patients with hypertension: A population-based survey using EQ-5D-5L in Hong Kong SAR, China
Abstract
Objectives To evaluate the effect of hypertension and related comorbidities on the health-related quality of life (HRQoL) using EQ-5D-5L Hong Kong version.
Design
Data were analysed by a secondary data analysis based on a cross-sectional study assessing experience on public specialist outpatient service.
Setting:
A representative sample was recruited from 26 specialist outpatient clinics (SOPCs) in HK Participants: A total of 4,528 hypertensive patients aged 18 or above who responded to the survey.
Intervention: EQ-5D-5L HK was applied to assess the HRQoL. The five-dimension descriptive system and the utility index of EQ-5D-5L were treated as the dependent variable in the current study. Regression modelling was applied to estimate the effect of hypertension and related comorbidities on health-related quality of life.
Results
More respondents were female (53.9%), aged ≥65 years old (60.1%), and with primary educational attainment or below (52.3%). A total of 1,466 respondents (32.4%) also reported suffering from diabetes, heart disease (20.8%), vision problem (1.7%), and cancer (1.5%). In the OLS model, utility decreased most when patients reported having physical disability associated with hypertension (beta= -0.395, SE=0.047), and 0.128, 0.064, 0.05, and 0.048 for mental problem, cancer, vision problem, and heart problem. In the Tobit model, the utility reduced most for comorbidity of physical disability, and then mental problem, cancer, vision problem, heart problem and diabetes. For first part of two-part model, respondents co-living with mental problem were 10% less likely to report a full health. For the second part of two-part model, the respondents with physical disability had 0.294 lower in utility.
Conclusions
Hypertensive respondents reported a low EQ-5D utility score. Respondents were female, with a high education, fully employed and living with families reported better HRQoL. There is a significant effect of comorbidity influence on the decreased HRQoL, particularly those with physical disability and mental problem. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 
Introduction
Hypertension is a chronic condition in which blood pressure in the arteries is persistently elevated. At present, hypertension is a global public health issue that dramatically increases the risk of heart disease, stroke, kidney failure and physical disability [1] . The World Health Organisation (WHO) indicated that approximately 40% of adults aged ≥25 years have been diagnosed with hypertension worldwide, and the number increased from 600 million in 1980 to 1 billion in 2008 [2] . In Hong Kong (HK), hypertension is a silent killer. The Department of Health reported that nearly 30% of people aged ≥15 years live with hypertension. The prevalence increases steadily from 4.5% amongst people aged 15-24 years to 64.8% amongst those aged 65-84 years. However, only 13.2% of hypertensive patients are aware of their condition [3] .
Recently, instead of clinical outcomes, such as morbidity, the health-related quality of life (HRQoL) of patients have been increasingly studied in hypertensive research [4] . Living with hypertension can influence a patient's physical health, psychological state, independence level and family and social relationships; it ultimately leads to decreased HRQoL [5] [6] [7] [8] . Comorbidity associated with hypertension is another independent factor that influences HRQoL [1, 9, 10] . Pinto et al. indicated that in hypertension, sociodemographic characteristics, rather than disease characteristics, may play an important role in assessing the HRQoL of patients [11] . However, a lot of current disagreements in the findings of hypertensive studies are due to the use of different tools for measuring HRQoL [12] . Debates on which between profile-based instruments and preference-based instruments or between generic measures and condition-specific measures should be used have persisted. In recent decades, EuroQol 5-Dimensions instrument (EQ-5D) has been recommended as one of the most popular generic preferencebased instrument to assess patient HRQoL worldwide [13] . In particular, its new version of EQ-5D with five-level scale, namely EQ-5D-5L, has been highly suggested due to its ability to reduce the ceiling effect. The good validity and reliability of EQ-5D-5L in certain chronic conditions have been demonstrated [14] [15] [16] [17] . However, the relative effects of hypertension and related comorbidity on HRQoL using EQ-5D-5L in HK have been rarely explored. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 This study was proposed to provide empirical evidence to connect hypertension together with related comorbidity and HRQoL and also encourage clinical professionals and policy makers to list HRQoL improvement as one of the most important therapeutic and political objectives in the healthcare of hypertensive patients. Therefore, this study aimed: 1) to evaluate how hypertension and related comorbidities affect HRQoL by using EQ-5D-5L HK; 2) to identify how sociodemographic characteristics affect hypertension-HRQoL relationship; and 3) to explore how different regression models account for the distributional features of EQ-5D utility.
Method
Data collection
We used a secondary data from a territory-wide cross-sectional patient experience survey on specialist outpatient clinic services (SOPCs) in HK [18] . The survey was conducted among the patients who attended at the 26 selected public specialist outpatient clinics under Hospital Authority. Recruits must be aged 18 or above and able to speak and understand Cantonese. Patients who were day cases or day surveys or those from paediatric, hospice, psychiatric, dental, anaesthesiology, pathology or nurse-led or multispecialty outpatient clinics were excluded. The respondents were requested to answer a structured questionnaire over the phone within 2 weeks after their attendance at SOPCs. Besides the evaluative questions on patient experience, the respondents were also asked to report their health status using EQ-5D-5L HK (descriptive system) and self-reported long-standing conditions such as their physical status and whether had chronic diseases. In that survey, hypertension was defined as persistent systolic blood pressure (SBP) of ≥140 millimetres of mercury (mmHg) or diastolic blood pressure of ≥90 mmHg based on the criteria suggested by the Centre for Health Protection Hong Kong (www.chp.gov.hk/en/index.html). A total of 13,966 patients responded the patient experience survey and 4,528 of them reported living with hypertension. The respondents who reported having hypertension and their information was elicited and analysed in this study. The ethical approval of original PESS was obtained from the Chinese University of HK and the New Territory East Cluster Clinical Research Ethics Committee.
Comorbidity
In the count method, comorbidity was defined as two chronic conditions that occur simultaneously [19] . Nine chronic conditions, namely, vision problem, hearing problem, physical disability, learning problem, mental problem, heart disease, hypertension, diabetes and cancer were identified in the patients with hypertension. However, no one reported having a learning problem together with hypertension. Thus, seven comorbidities, namely, (1) hypertension and heart disease; (2) hypertension and diabetes; (3) hypertension and cancer; (4) hypertension and vision problem; (5) hypertension and hearing problem; (6) hypertension and physical disability; and (7) hypertension and mental problem, were included in the analysis to evaluate the effect of comorbidities associated with hypertension on HRQoL in this study.
Study instrument -EQ-5D-5L EQ-5D-5L is a simple, generic and standardised instrument for assessing patient health states for clinical and economic appraisal [13] . EQ-5D-5L essentially consists of two parts: 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 F o r p e e r r e v i e w o n l y 5 the descriptive system and EQ visual analogue scale (EQ-VAS). Descriptive system has five dimensions: mobility (MO), self-care (SC), usual activities (UA), pain/discomfort (PD) and anxiety/depression (AD). Each dimension has five levels (no problem, slight problems, moderate problems, severe problems and extreme problems). The combinations of dimensions and levels can be used to define the different health states of HRQoL (total of 3,125 health states). EQ-5D-5L is the new version of the original EQ-5D-3L (three levels for each dimension), and it has been confirmed to exhibit improved ability to control the ceiling effect. The EQ-5D-5L HK version was developed and validated in HK cultural settings following the latest international protocol in 2017, which allowed the evaluation of people's HRQoL by considering their perceptions in the HK context of culture and value systems [20] . All health states defined by EQ-5D-5L can be converted into a single summary index called utility. Utility can support the calculation for quality-adjusted life years as a reference for the health economic evaluations of healthcare policies or clinical interventions. The calculation of utility was based on an HK value set. The basic formula is utility=1 -β 1 *MO -β 2 *SC -β 3 *UA -β 4 *PD -β 5 *AD [20] . The value of β depends on the levels selected by the respondent at each dimension. The utility value ranges from −1 to 1 (full health). For the HK general population, it ranged from −0.86 (0 indicates death, <0 indicates worse than death) to 1.0. The mean utility was 0.92. However, the design of the patient experience questionnaire on SOPC service only includes the five questions of the EQ-5D descriptive system and not includes the EQ visual analogue scale. Therefore, we only applied our local derived algorithm to get the health-related utility index based on the data collected from EQ-5D descriptive system for the analysis in this manuscript.
Statistical analysis
Descriptive statistics were used to summarise respondent characteristics and EQ-5D utility data. All demographic and socioeconomic characteristic indicators were grouped for analysis. Age and educational attainment were categorised into three groups, respectively. Living status and employment status were used as proxy questions to reflect the respondents' economic situation. Given that EQ-5D utility was non-normally distributed (Shapiro-Wilk test, p<0.05), differences in EQ-5D utility amongst sociodemographic subgroups were assessed using a bootstrap version of the heteroscedastic one-way ANOVA for trimmed means. This is a robust statistical method introduced by Wilcox [21] .
For regression models, considering that the ceiling effect of EQ-5D utility in this study was 46.5%, we used different models to estimate the effect of hypertension and associated comorbidities on HRQoL adjusted by sociodemographic characteristics. The first model was the ordinal least squares (OLS) model. OLS is a traditional and classical method for regression analysis. However, EQ-5D utility data were censored (range between −0.8637 and 1 in current study), which posed a considerable challenge for using OLS model in the analysis and consequently, several biased estimations might be made. The second model was the Tobit regression model. This model is a censored model and was designed to estimate linear relationships amongst variables when either left-or right-censoring occurs in the dependent variable [22] . Considering that nearly half of the respondents reported full health (utility=1.0) in this study, a two-part model (logistic regression and truncated OLS model) was also adopted to estimate the effect of hypertension on HRQoL [23]. Logistic regression model was used to predict the probability of respondents reporting full 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 F o r p e e r r e v i e w o n l y 6 health (0 and 1, where 0 indicates non-full health and 1 indicates full health). Truncated OLS model was used to predict the probability of the respondents reporting non-full health (utility≠1.0). The results of the two types of models were combined to obtain an overall value [24] .
Two sub-models were used for each of the three regression models. The first sub-model estimated the impact of hypertension on HRQoL adjusted by sociodemographic characteristics. The second sub-model estimated the effect of comorbidity associated with hypertension on HRQoL adjusted by sociodemographic characteristics (total of six models). To assess the fit of the models, we applied a series of criteria based on the suggestions of Wu et al. [22] . The root mean square error (RMSE) and sigma were used to estimate the accuracy of the models. RMSE indicated the fit of the OLS model, and sigma was used to indicate the fit of the Tobit model and the second part of the two-part model. When comparing the values of RMSE or sigma, a small value represents a small error, and consequently, a good model. Moreover, the Akaike information criterion (AIC) and the Bayesian information criterion (BIC) were used to evaluate the overall fit of the models. Pairwise deletion was performed to resolve missing values. Data were analysed using R (R foundation, Austria), and statistical significance was set as p<0.05.
Patient and public involvement
No patients were involved in the design of the study. They were recruited from 26 specialist outpatient clinics in HK and informed of the details of the study, including its purpose, the process, and the potential results, as well as their rights and responsibilities. We also assured the participants that all collected information would be kept confidential and anonymous. We gratefully acknowledged the contributions of all participants. Table 1 indicates more respondents were female (53.9%), aged ≥65 years old (60.1%), and with primary educational attainment or below (52.3%). Approximately 93.2% of the respondents indicated living with family or others, and 57.6% were retired. A total of 1,466 respondents (32.4%) also reported co-suffering from diabetes, heart disease (20.8%), vision problem (1.7%) and cancer (1.5%). Highly educated young male respondents living with family/others or fully employed reported having high EQ-5D utility. Moreover, respondents reported within hypertension scored significantly lower EQ-5D utility than respondents without it in the SOPC survey. Figure 1 shows the percentage of respondents who reported problems in the five dimensions of EQ-5D for males and females separately. More females reported full health than males on SC (45% versus 42%) and AD (42% versus 38%). By contrast, more males (28%) than females (25%) reported full health on PD. Nearly 20% of females reported having slight problems on PD, followed by MO (20%), UA (20%) and AD (20%). Figure  2 presents the distribution of EQ-5D utility for overall, male and female separately. EQ-5D utility was heavily skewed, with more males (45%) reporting full health than females (42%). 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 Table 2 presents the results of OLS, Tobit and the two-part regression models. Although directly comparing the fit of the two-part model with the OLS or Tobit model is impossible, a comparison can be made based on the values of RMSE and sigma. In this study, the RMSE value of the OLS model was lower than the sigma value of the second part of the two-part model and the Tobit model. This result indicated that the OLS model was more accurate than the Tobit and two-part models. On the basis of the AIC and BIC values, the OLS model achieved the best performance, followed by the two-part model, and the Tobit model ranked last.
Results
In estimating the effects of hypertension and associated comorbidities on EQ-5D utility, the OLS and Tobit models presented similar patterns. For the OLS and Tobit models, the coefficient of sociodemographic characteristics barely changed with and without considering comorbidities. This finding indicated that the relationship between sociodemographic characteristics and self-reported chronic conditions with the predicted EQ-5D utility was independent of each other. Moreover, the AIC and BIC values suggested that the comorbidity model performed better than that without the comorbidity model. Thus, it supported our hypothesis that comorbidity should be considered in the models.
In the OLS model, utility decreased by 0.067 when the patients were female. For fully employed and unemployed respondents, utility increased by 0.6 and 0.56, respectively, compared with that for retired respondents. For comorbidity, utility decreased most when patients reported having a physical disability together with hypertension (beta=−0.395, SE=0.047). Moreover, utility decreased by 0.128, 0.064, 0.05 and 0.048 for hypertensive patients with mental problem, cancer, vision problem and heart problem, respectively. The comorbidity of diabetes with hypertension exerted the least effect on HRQoL than the other comorbidities. Compared with the OLS model, the Tobit model resulted in a higher reduction in EQ-5D utility. Females (beta=−0.109, SE=0.011) in the Tobit model were associated with substantially lower utility than males. The utility for respondents aged ≥65 years decreased by 0.013 compared with those for respondents younger than 44 years. For respondents with tertiary and secondary/postsecondary educational attainment, utility increased by 0.95 and 0.82, respectively. For comorbidity, we identified findings similar to those in the OLS model. Utility was reduced most for the comorbidity of physical disability (beta=−0.469, SE=0.071), and utility decreased by 0.18, 0.097, 0.086, 0.076 and 0.048 for hypertensive patients with mental problem, cancer, vision problem, heart problem and diabetes, respectively. Table 2 (last two columns) also report the effects of hypertension and associated comorbidities on HRQoL using the two-part model. In the first part of the model (logistic regression), utility decreased dramatically for most sociodemographic characteristics compared with that in the OLS and Tobit models. Respondents living in an institution were approximately 75% less likely to report full health, females were 45% less likely to report full health, and respondents aged ≥65 years were 37% less likely to report health. For the comorbidity part, respondents who were co-living with mental problem were 10% less likely to report full health, followed by those with vision problem, heart problem and diabetes. In the second part of the model (truncated OLS), nearly all the sociodemographic 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   F  o  r  p  e  e  r  r  e  v  i  e  w  o  n  l  y   8 characteristics, except for age, exhibited a significant relationship with HRQoL. The pattern in the magnitude of utility for comorbidities was slightly lower than those in the OLS and Tobit models. Respondents with physical problem presented a 0.294 decrease in utility, followed by respondents with mental problem (0.109), cancer (0.066), heart disease (0.042) and diabetes (0.023). Figure 3 displays the mean utility of patients with hypertension who reported having comorbidities. Among them, respondents with diabetes had the highest utility of 0.83, followed by those with heart disease, hearing problem and cancer. Physical disability scored the lowest with an average of 0.46.
Discussion
We conducted this study to explore the effects of hypertension and related comorbidities on HRQoL adjusted by sociodemographic characteristics in the HK population. The results were based on the application of three types of models using EQ-5D-5L HK version. In summary, our models presented the following results. 1) Respondents who were female, elderly, with low educational attainment, live in an institution or retired tended to exhibit low HRQoL. 2) The comorbidity of patients with hypertension associated with other chronic conditions exerted greater effect on decreased HRQoL, particularly for comorbidities with physical disability, mental problem, vision problem, heart problem, and diabetes.
In our study, the mean EQ-5D utility for patients with hypertension was 0.85 (mean=0.92 for HK general population [20]) and ranged from −0.864 to 1.0. The mean utility was slightly higher than that reported in Japan [25] , but lower than that reported in South Korea [8] , Singapore [26] , Mainland China [6] and the United Kingdom [27] . This result can be explained by the age-related demographics of our sample. Hypertension is an age-related disease that likely affects older adults [11, 28] . In our sample, 60% of the respondents were reported to be ≥65 years old. This finding may be the reason why hypertension exerts greater negative effect on the HRQoL of HK people. Zahran et al. and Cutler et al. also reported similar findings in their studies [10, 29] . Moreover, the finding of the current study that females exhibited lower utility than males has also been confirmed by studies conducted in China and South Korea and Brazil [6, 8, 30] . In Singapore, however, utility is equal for males and females [26] . By contrast, males reported higher utility than females in Japan [25] .
The prevalence of comorbidity amongst individuals with hypertension is more common than those without it [31] . In China, although the comorbidity of hypertension has been extensively studied, two problems remain. Firstly, most research on comorbidity related to hypertension use data from public census or medical survey; the former focuses on facts about the general population, and the latter is constrained by a limited sample size [32] . Second, EQ-5D-5L is rarely used to evaluate the HRQoL of patients with hypertension in HK [4] . In this study, we focused on the individual level but also collected information from a large population-based sample to evaluate the effects of the seven types of comorbidity related to hypertension on HRQoL using EQ-5D-5L. Among the seven types, the comorbidity of physical disability with hypertension exhibited the greatest effect on 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   F  o  r  p  e  e  r  r  e  v  i  e  w  o  n  l  y   9 decreased HRQoL, and the magnitude of its effect was at least twice higher than the effects of other comorbidities. Balzei et al. found that older adults with hypertension experience accelerated declines in physical function and increased incidence of disability [9] . Hajjar et al. determined that amongst nearly 1,000 older adults in the US, high SBP increases the risk of developing new disabilities [33] . McDaid et al. reported that the population aged 50 years and lives with multimorbidity faces the highest risk of disability and poor quality of life [34] . In HK, studies that discussed the comorbidity of hypertension with physical disability from the perspective of HRQoL are highly limited. Our study can serve as a starting point to facilitate further assessment of the clinical or systematic mechanism behind this comorbidity. Moreover, Hay asserted that sex difference should be considered in the physical changes experience by people who live with hypertension [35] . Further investigations must be performed to determine whether sex difference influences physical disability to affect the HRQoL of patients with hypertension. We found that pain linked to hypertension was closer than the other dimensions of EQ-5D. In the top 10 selected health states of the EQ-5D descriptive system, six presented a negative change in the PD dimension. Similar findings were reported in a study conducted in Mainland China, where the PD dimension is the most prominent across the five dimensions in both genders [36] . Other studies also presented findings that are comparable with ours in both Asian and Western countries [8, 26, 27, 37] using EQ-5D-5L and EQ-5D-3L. Potential clinical implications are apparent.
In the current study, we firstly provided empirical evidence in HK regarding the difference of HRQoL on patients with hypertension between those living with their families and those who do not. Many previous studies have confirmed our findings that family support is essential for the patient to control the hypertension. Ojo et al. indicated there is a positive relationship between blood pressure control and family support [38] . Prazeres and Santiago pointed out that multimorbid patients from dysfunctional families reported worse physical and mental health [39] . Xu et al. also stated that a poor relationship with family results in a poor state of physical functioning, physical role, social function and emotional role [40] .
Our study has several implications. Firstly, this work is the first to use EQ-5D-5L HK Chinese version to evaluate the HRQoL of people with hypertension and related comorbidities. The results may be used as baselines for HK's hypertensive population in evaluating the effect of policies or clinical interventions to improve the outcome of hypertension care. Secondly, the EQ-5D utility generated in this study was calculated using the formula developed on the basis of local culture and setting; thus, the bias of using a value set from other countries [41] or instruments developed based on other culture or settings [42] is potentially reduced. Thirdly, more than 4,500 hypertensive patients successfully participated in the survey and completed the questionnaire, making this work one of the largest population-based surveys in HK to evaluate the HRQoL of patients with hypertension. Fourthly, hypertension is the most commonly cited chronic conditions in HK amongst all non-communicable diseases (NCDs). Studying the effect of hypertension on HRQoL may provide important information to policy makers in planning a reform for NCD care. Lastly, the adoption of EQ-5D-5L, which is the most widely used measure to assess HRQoL, enabled us to understand and control hypertension based on an international perspective. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 F o r p e e r r e v i e w o n l y Furthermore, we applied three types of regression models to estimate the effect of hypertension and related comorbidities on HRQoL adjusted by the respondents' sociodemographic characteristics. We also presented and compared the performance of each model. The OLS model achieved the best performance in estimation, but it disregarded the bounded nature of EQ-5D utility [22] . The Tobit model provided reasonable estimation, and the pattern of efficiency was similar to that in the OLS model. The two-part model was flexible and simple, and it provided two independent parts for estimation. However, as Wu et al. indicated, two-part models may provide contradicting results and bias when data regarding the full health and non-full health of patients are independently assessed. In this study, cancer showed no significant effect on HRQoL in the logistic model, but it was significant in the truncated OLS model of the two-part model. We should explain the results of the two-part model with caution [22] .
Conclusion
This study applied the EQ-5D-5L HK Chinese version to a large population-based sample of patients with hypertension in HK. Hypertensive respondents were male, with a high education, fully employed and living with families have better HRQoL. Respondents who living with comorbidity were prone to report lower HRQoL, particularly those with physical disability and mental problem. However, respondents who living with hearing problem did not significantly decrease hypertensive patients' HRQoL. This study provides detailed information of the implications for health care providers to gain a more complete picture of their hypertension patients' health. In the future, additional study using longitudinal data set is required to observe whether finding remains over time and if so the causality relationship between hypertension and comorbidity and HRQoL could be established.
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